To determine the risk factors and incidence of cerebral infarction associated with POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes) syndrome.
infarction in patients with POEMS syndrome have been reported in the literature. [4] [5] [6] [7] [8] However, whether a direct association exists between the diagnosis of POEMS syndrome and development of cerebral infarction remains unclear. Our study aimed to establish such an association and to determine the incidence and risk factors for cerebral infarction in patients with POEMS syndrome.
METHODS Our institutional dysproteinemia database was used to identify 208 patients with a diagnosis of POEMS syndrome (January 1973-August 2008). As part of a previously published study, 1 extensive data had already been collected on patients whose diagnosis was made between 1973 and 1999. All patients (or their physicians) for whom no follow-up data were available had been contacted and follow-up data were available for more than 94% of patients. Complete follow-up information was available for patients diagnosed between January 1, 2000, and August 31, 2008. All patients were 18 years of age or older and met both major criteria and at least one minor criterion for diagnosis of PO-EMS syndrome. 1 The terms cerebral infarction and stroke are used interchangeably in this article. Cerebral infarction was defined as the acute onset of focal neurologic symptoms lasting at least 24 hours, without a nonischemic cause identified. The clinical diagnosis of stroke was verified by CT or MRI. Patients in whom the diagnosis of cerebral infarction preceded any symptoms of peripheral neuropathy were excluded. Cerebral infarctions were categorized according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification scheme 9 and divided by size of the vessel involved. In addition, events were classified as unilateral, bilateral, supratentorial, infratentorial, or a combination thereof. Detailed clinical description for each stroke was recorded.
The Framingham Stroke Risk Profile (FSRP) score, as previously described, 10 was calculated for all patients in the cohort. The FSRP was developed using data from 36 years of patient follow-up and includes clinical information (age, systolic blood pressure, antihypertensive therapy use, presence of diabetes, cigarette smoking, history of cardiovascular disease [coronary heart disease or congestive heart failure]) and EKG abnormalities (left ventricular hypertrophy or atrial fibrillation).
A retrospective observational study design was used to identify risk factors for cerebral infarction among patients with a diagnosis of POEMS syndrome, seen at our institution between January 1, 2000, and August 31, 2008. Patients were followed from the onset of peripheral neuropathy to the time of cerebral infarction or their last evaluation. Thrombocytosis was defined as a serum platelet count Ͼ500 ϫ 10 9 /L. Diagnosis of osteosclerotic lesions was based on imaging studies and did not necessarily include confirmatory biopsies. Bone marrow involvement was assessed based on biopsy results. All statistical analyses were performed using JMP data analysis software (SAS Institute, Cary, NC). p Ͻ 0.05 was considered statistically significant.
The probability of cerebral infarction after onset of peripheral neuropathy symptoms was estimated using the Kaplan- Meier method with 95% confidence intervals (CI). The association of baseline variables with the time-dependent outcome of cerebral infarction was assessed using Cox proportional hazards regression. To further explore the association between platelet count and outcome, patients were divided into 3 groups based on tertiles and Kaplan-Meier estimates were reported within each tertile.
Variables showing univariate significance were then included in a multivariable Cox model. In the case of bone marrow plasmacytosis, the hazard ratio could not be estimated as there were no events in patients without bone marrow plasma cell proliferation. Therefore, only a p value estimated by the profile-likelihood method is reported.
Standard protocol approvals, registrations, and patient consents. The study protocol was approved by the Mayo Clinic Institutional Review Board. All patients had signed a written consent to research participation at the time of their initial evaluation.
RESULTS Demographic and stroke evaluation data.
As of August 2008, a total of 208 patients were diagnosed with POEMS syndrome at our institution. The mean age at diagnosis was 51 years (SD 12 years) and there were 66% men. A total of 19 POEMS patients (9.2%, 95% CI 5.9 -13.9) developed cerebral infarction, at a median age of 53 years (range 36 -77; 12 men, 63%). The presence of traditional stroke risk factors, comorbidities, and results of serum studies around the time of initial event are summarized in table 1.
Retrospective cohort study. A subgroup of the overall cohort was analyzed to evaluate potential predictors of cerebral infarction. The study period between January 1, 2000, and August 1, 2008, was chosen to minimize any variability in diagnostic testing and treatment strategies used in caring for these patients. Of the 90 patients identified, 9 (10%; 95% CI 5.4 -17.9) had a stroke at a median of 23 months (range 0.5-64 months) after the onset of peripheral neuropathy symptoms. The 5-year risk of stroke was estimated at 13.4% (95% CI 3.8 -22.0%). The median clinical follow-up period after the onset of neuropathy, in the remaining 81 patients, was 38 months (range 8 -105 months). None of the events occurred after successful treatment of the underlying syndrome. Table 2 summarizes patient demographic data, stroke risk profile, syndromic features, and the results of pertinent laboratory studies in the stroke and nonstroke subgroups (data recorded at the time of initial evaluation for POEMS syndrome). The majority of ischemic strokes were hemispheric alone (89%) and within a single vascular territory (67%). The breakdown of stroke mechanisms, by TOAST criteria, 9 is presented in table 3.
A univariate analysis did not demonstrate a significant difference in FSRP scores, serum VEGF and IL-6 levels, or concurrent diagnosis of Castleman disease between the 2 groups. However, patients with cerebral infarctions did have higher blood platelet counts during their initial evaluation ( p ϭ 0.002). In addition, none of the patients in whom osteosclerotic lesions were the sole potential source of monoclonal proteins, without bone marrow involvement, had a cerebral infarction ( p ϭ 0.004). Patients were divided into 3 equal groups based on platelet counts (low, less than 336 ϫ 10 9 /L; medium, 336 -500 ϫ 10 9 /L; high, more than 500 ϫ 10 9 /L) and the risk of cerebral infarction was assessed using Kaplan-Meier analyses. The 5-year risk of cerebral infarction in the low, medium, and high platelet count groups were 5%, 8%, and 29%, respectively. Thrombocytosis (p ϭ 0.015; hazard ratio 5.3, 95% CI 1.4 -25.3) and bone marrow plasmacytosis (p ϭ 0.007; hazard ratio could not be estimated) remained predictive of cerebral infarction in our multivariable Cox regression model. Imaging data. We evaluated the spectrum of infarct topography by reviewing all available imaging modalities. These included unilateral or bilateral cortical, border-zone, end-arterial, and major in-tracranial arterial distribution cerebral infarctions. In contrast to previously reported data suggesting mainly the involvement of end arteries, our angiographic results demonstrated a number of abnormalities within the cervical and proximal intracranial vasculature (table 3) . DISCUSSION Our study suggests that about 1 out every 10 patients with POEMS has a cerebral infarction, at a relatively young age. We also found that traditional stroke risk factors such as age, diabetes, hypertension, smoking, or cardiac arrhythmias were not significantly different between the stroke and nonstroke subgroups. An elevated blood platelet count and evidence of plasma cell proliferation on bone marrow biopsy, however, were associated with an increased risk of stroke. Cases of cerebral infarction in patients with POEMS syndrome have been sporadically described in the literature. [3] [4] [5] [6] [7] [8] [11] [12] [13] [14] [15] [16] There are several theories regarding the potential etiologies, risk factors, and involved vascular territories. Yet, due to the rarity of this syndrome, all such speculation has been based on case reports comprising 1-3 patients and whether a direct association exists between the diagnosis of POEMS syndrome and occurrence of cerebral infarction remains unclear. A summary of these and other studies is provided in table 4.
At the time of cerebral infarction, our patients were younger than the typical age range reported in stroke registries. 17 Traditional and modifiable risk factors such as smoking, hypertension, atrial fibrillation, and diabetes mellitus occurred in similar frequencies to those typically reported in these population-based studies. 18 More importantly, these risk factors were equally distributed between patients with POEMS syndrome who had a stroke and those who did not. At this point, it appears reasonable to invoke a direct association between POEMS syndrome and cerebral infarction.
In terms of the involved vascular segments, it is now clear that end arteries and borderzone areas are not the sole territories at risk for infarction. In our study, we showed a wide spectrum of infarct topography and abnormalities within the cervical and proximal intracranial vasculature. The preponderance of multivessel stenotic lesions and presence of arterial dissection in individuals without atherosclerotic risk factors suggest that POEMS syndrome typically leads to a structural vascular anomaly. This vasculopathy is likely noninflammatory in nature as suggested by the benign CSF characteristics in these patients. Further evidence to this effect would require pathologic specimens, which are currently lacking. There are some limitations to this study. Aside from the retrospective nature of the study, the cohort is relatively small. Yet, given the rarity of POEMS syndrome, it represents the largest cohort of patients with POEMS syndrome with cerebral infarction from a single institution. The small number of endpoints precludes definitive analysis of predictors of outcome. The possibility of referral bias is also present given that patients with more severe types of this uncommon syndrome may be more likely to be referred to our institution. Nevertheless, none of these potential limitations negates the validity of our results.
